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© Current mode switching regulator with programmed offtime. 



® A current mode switching regulator power supply with an improved regulator system achieves a constant 
operating period by predetermining the off time of the switching transistor. The off time is programmed by the 
input and output voltages acting on a resistor-capacitor timing circuit enabled by a current mode controller. 
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CURRENT MODE SWITCHING REGULATOR WITH PROGRAMMED OFFTIME 

' BACKGROUND OF THE INVENTION ? ; - 



,iy " s Field of the Invention ' *'' - ■ 

This invention relates to power supplies and in particular to a constant frequency current mode 
switching regulator power supply with an improved regulator system which eliminates oscillations in the 
widths of the pulses from the power switch in the power supply without the use of any extra feedback loops. 

r Description of the Prior Art K ! :! c 

Most control system^ for switching power supplies utilize a single control loop that compares the DC 
output vbitage (or current) from the power supply to a fixed reference voltage: Any difference or "error" 
75 between the j two voltages is amplified and used to directfy control the pulse width (i.e., "on time") of the 
power switch in the power supply in a negative feedback arrangement. This, produces a regulated (fixed) 
output voltage or current. This control method has the following disadvantages: ; : 
' ; ; 1: Slow loop response to load transients; w 

2. Slow Idop response to input voltage 1 changes; i . 
20 • ' 3. Allows certain imbalances in push-pull power: switch circuits used in the power supply to cause 
power switch failure due to excessive current caused by transformer saturation. 

,; FigJ t illustrates a typical pridr art power; supply: of this type which is sometimes called a "buck" 
regulator. In the structure of Rg. 1, the output voltage on lead 12 from the power supply (often called a 
"converter") is sent to error amplifier 15 on the inverting input lead 17a of error amplifier 15. A signal 
25 proportional to the output current is sent to error amplifier 15 in the case of a constant current power 
supply. Voltage reference 18 is applied to the noninverting input lead 17b of error amplifier 15. The output 
signal on lead 16 from error amplifier 15 reflects the difference between the voltage' on output lead 12 and 
the reference voltage 18 and controls both the duty cycle and width of the pulses produced by pulse width 
modulator 13 which modulates the input voltage 11. Choke 14 operates in conjunction with capacitor 19 to 
30 sm66tfv and average the output pUlses from modulator 13. ' 

Improvements over single control loop supplies of the type shown Fig. 1 have previously been made 
' by adding a second current 1 source loop' inside the main voltage loop. Fig. 2 illustrates a typical prior art 
0 circuit of this type. The circuit'of Fig. 2 includes error amplifier 26 and current sensor 27 as a second loop 
30 inside the main voltage loop described above in conjunction with Fig. 1. The error voltage from error 
35 amplifier 25 (corresponding to error amplifier 15 in Fig. 1) controls the current source loop 30 which in turn 
controls the peak switch current from power switch 23 on a cycle by cycle basis. The System including the 
second loop 30 exhibits much faster response to input and output voltage changes and output current 
changes, than does the system ^bf Figure I. When the power switch 23 is configured as a push-pull circuit, 
loop 30 corrects for transformer imbalances sbch as differences in switch transistor: storage times, and for 
40 noise and load transients which tan cause transformer flux saturation and thus excessive DC current in the 
"- switching transistors. :;: r v - " i} x * — 

Although the addition of the second current source loop 30 as shown in Fig. 2 improves response 
- sp6ed krid balance of the power supply, it adds instability to the pulse widths oMhe pulses from power 
switch 23 &t greater than 50% switch 'duty Cycles. The duty cycle is. the ratio of the on-time of power switch 
45 23 to the total period of the pulses frdm Switch 23, This instability appears as subharmonic oscillations of 
th'e pulse widths at a- frequency lower than the switching frequency. These oscillations alternately narrow 
and widen the widths of the pulses from power switch 23. This instability may be stopped by the addition of 
ah artificial rarilp to the "switch current' sense" Waveforms generated by~ switch current sense circuit 27. 
This ramp is difficult to generate because it ideally should change ^magnitude- with output load if optimum 
performance of the power supply over a wide load range is requiredl'Trfe oscillation, which occurs at a 
; i 1 submuftiple of the switching frequency, is a predictable result of using ."cldckedron" controllers (i.e.. turning 
i - lH 6fi power Witch -23 regularly at a fixed frequency), turning off power switch 23 when the current from switch 
" 23 reaches predetermined ■ , tev , el, i with ! duty cyCtes greater than fifty percent (50%). ■>.'•) 

Additional prior art is disclosed in Small, U.S. Patent No. 4.616.301. issued Oct. 7, 1986. Small 
discloses a power supply which eliminates the potential for oscillation by not utilizing a "clocked-on" 
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controller, but rather a semi-fixed off time controller. This is accomplisned utilizing an industry standard part 

number TL494 control integrated circuit. 

In accordance with Small's device, a third, loop is added to the structure of Fig. 2 to hold substantially 

constant over the long term but to allow to vary over the short term the frequency of the power switch 23 
5 (which produces a pulse width modulated output signal from a DC input signal) by controlling "off-time". 

Thus the prior art of Small detects average frequency and changes the off time until the frequency is 

correct, by using a feedback loop. Small's circuit has at least brie disadvantage in that it is very complex 

due to the frequency control circuit having an active feedback loop. Switching power supply regulators 

operate in a high electrical noise environment due to the switching action of the power switch transistors. A 
w complex regulator having large wiring loops has the major disadvantage that the 'wiring loops pick up the 

electrical noise and hence such a regulator may not operate as effectively as is desirable. 



SUMMARY OF THE INVENTION 

This invention provides a simplified power regulator by not, including -feedback loops, and also 
eliminates the potential for oscillation by not utilizing a clock controller." " 

In accordance with the invention, a circuit capable of $ 90% pr greater djjty factor is provided that 
predicts the off time necessary to make the entire: cycle time: (off time plys on time) the desired length. The 
20 steady-state off time '(Lei, t o(( ) is, in accordance with the invention, programmably a function of the input 
voltage E andoutput voltage e 0 and cycle time t pe riodoaccording:tQ the relationship. :J 

toff = t(E - e 0 )/Ertpenod^ - ' ^ • ' * ■ A -1!, • b: ^ , < ; — „: . :C /-i 

Thus in accordance with the present invention a , means to time voltage pulses by means of a preprogram- 
med off time is provided, rather than the prior art^frequency ; correction scheme Vv ThP present invention is 
25 applicable to both constant current and constant voltage power supplies,^ accordance with the present 
invention, the voltage pulse frequency is, varied in, a predetermined manner or is; helcl. constant. 

- This invention will be more fully Understoodun accordance with the following detailed description taken 
together with the drawings. ^ m ■(=■ j e : x- 

< .' o ; BRIEF DESCRIPTION OB THE DRAWINGS ^; o .; : v = > *yA&. <y ?/ 

Figure ! shows aiprior art power supply, j ^ 1 c -tr- r. h 
'■• Figure 2 shows arsecond prior art power supply. ; 

35 Rgure 3 shows a block diagram of the preferred embodiment of the present invention. f 

Frgures 4A and 4B show waveforms in accordance with ,the present invention, 
io; i. Figure 5 shows? a schematic: diagram of the.preferred embodiment of the present invention. 

Figure. 6 shows: a: detailed schematic of the>preferred embodiment of the .present invention in a laser 
ii power supply;: ii : ,,■ . oc- V : ' j r . r ^ ? 

40 •■ : • . ■■ > ■>>*■: -. r 3" .>■.. ■• . i< 

DETAILED: DESCRIPTION OF THE INVENTION **.? .$ ' -i , ■: ■ r. \ vn* > ; - ;C , 

• ■->''■■ -'I* ! J"-. •. . :r i* ' -■ '.^/tV'.* ri v.. } t' ■ ' . i ;•■ 

: B . For simplicity, identical reference numbers^in the various figures ^enote similar structures. 

.i ■ ? . cFigure 3 shows a: simplified block-diagram of- the preferred embodiment of the present invention. In the 
45 fbllowing;<*escription, the particular value of each cpmppoent in theipreferred embodiment is listed after the 
component is identified. Other embodiments of the invention may, of course, f use different component 
values; 1 : '( iz \ A \- ■. >. •• - - . 5 ■* ■ .; r , { , 

Input voltage E is provided conventionally from* a rectifies (not-shown) to^a conventional buck regulator 
. circuit ^including catch diode GR3 (a high: frequency- povyer "freewheeling"; diode); 10uF ; capacitor C2. 
so. inductor L1 (500 uH, about 55 fturns^ and: fiejd leffect transistor, (FET) power switch Q1 which provides 
r output voltage e 0 to the Load. Powerr switch, Q1 ;ii5, qn^ FeV transistor or alternatively several FET transistors 
••• v conventionally jconnecteditn parallel.; : - } o rV f . ; - <} ; v 

The typical input volta^ E for the preferred tembp^^ 
the output voltage, i^israbQut 2Q0 Volts^ DC, l^th^ wj^e range of inp^ut voltages and output voltages is 
■ ■ 55 possible xohsistent with ^the lnvention. (E is ^always greater ^ thar>,e 0 for ^ tjuck regulator.) Input voltage E is 
^ also applied to vtheMRarpp Slope i.drcuit ^O rincluding preferably resistor R8- (preferably 2 M.ohms) and 
capacitou Cl (preferably 820 pico Farad); #od p the R9mp Starting Point cjrcuit;31. The Ramp Slope circuit" 
30 and the Ranhp Starting Point Gircuit^t (desoribed: in detail be!ow) : tqgether determine the off time period 
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of .switch transistor, Q1 as described above, The voltage E-e Q is also provided to the Ramp Starting Point 



circuit 3t as shown. 



Current coptrol circuit 38 (typically IC 1846 and preferably a commercially available Unitrode UC 1846) 
turns switch transistor Q1, on and off at pin 14 in response to signals from the Ramp Slope circuit 30 and 
5 the Ramp Starting Point circuit 31. (The pin numbers of IC 1846, are shown drcled in Figure 3.) The lower 
control loop, of current control circuit IC 1&46 (including the amplifier AMP 32 and second comparator 
QOMP2 33) turns off switch transistor QI "when the current output by Switch transistor QI exceeds an 
^externally, provided (at pin 7)' programmed current level CUR.PROG. This current level is sensed in sense 
resis^rFj7 and input, to lO 1846 at pins 3 and 4 ^nd' amplified jn the amplifier AMP 32 [preferably 
w amplifying the signal by a factor of three), and meiasured by voltage comparator COMP2 33 in IC 1846. 
,. Comparator CQMP2 33 then^activates the Utch 34 to drive switch transistor Q1 off by means of the Driver 

r circuit 35 r / r . ; [ ........ \. ,. .7'.. ! 7. ■ 

Th^ upper control loop (including the oscillator OSC 36 and 'first comparator COMP1 37) of control 
circuit' JO 1846 includes a voltage comparator COMPV 37 which determines the off tiririe of switch transistor 
75 QI by comparing the voltage Y C i across capacitor Ci to threshold voltage V T Supplied by IC 1846; when 
the voltage across capacitor, C1 exceeds .'VT/cpmp^atbr C0MP1 37 sends a :,s;tart jgulse to the Latch 34 
which turns on switch transistor Q1 by means of the Driver cirQuit 35. • ','. v "; /^7- 

When switch, transistor QI first Js ( switched off, a Wjhg'^slgnal ^"Qt OFF" is sent back to the Ramp 
> . Starting Ppiht cjric:uit'31 to initiateiKe cViarging of capapit6r.C1 . w ' 
zp . The. waveforms produced by the al^ve de^crijsed circuit are ishowri in Figures 4A and 4B. Figure 4A 
shows .time, on the k horizontal a*is and voltage V C i 7(L'e.," the voltage across capacitor CI ) on the vertical axis. 
As seen, ihitially with switching transistor Qi on (Lei", a low voltage at the drain "D" of transistor Q1) as 
. shown in Figure 4B,. papacitor CI charges at 40 as shown in Rgure 4A and so voltage' V a increases up 
towards the threshold voltage Vt! which Js preferably ^ abotit 3 volt?. 'Before V C i qan reach V T , however, a 
25 second Jr^nsistbr 62 (not shown in Figure 3 but described further below) in the Ramp Starting Point Circuit 
^31 Jn Fiigure 3 set? the. ^ff time ramjj starting point voltage 41 well below Vt. ' jhe starting point voltage 41 is 
below V T by a value proportional to the value (£-e 0 ) ^nd so is shown in Figure 4A as being below V T by a - 
; (E^p)l At tr^ ram 41 (the hor)2onta!. part. of ^ waveform as §rjpwn in Figure 4A) 

'^^vtra^istpr.p Q 1 offtime. 

30' volt^ slope of the ram^ point 41 up to V T is equal to 

0 ;i s current/C^ = (E/R8)/C1 = JE/(R8*C1), 



35. 



Thus the values of E and' e£ determine the starting point voltage *4T= '(which is below Vt by an amount 
proportional to E-e^ as discussed above) for the V C1 off time timing ramp 42, and the values of E, R8, and 
C1 determine the slope of the off time timing ramp 42. * ^ : '■• " 

The off time -for switch transistor Q1 lasts (as seen in Figure* 4A) for thfe 'duration of time needed for 

" voltage *V C1 to go from the rafrfip starting pdfht'4t^up to V T . ; Wh£n voltage V c ' t is Charged up to V T (which is 
preferably 3 volts), th0 internal comparator COMP 1-37 iri ! IC 1846 (see Figurfe 3) detects this voltage level at 
pin 8 and IC 1846 turns on switch transistor 01 by pulsb at pin 14,- thus ending the off time of transistor 
Qi , as shown in Figjure 4B. For simplicity; only one' cycle is : shown «?n Figurer 4A. & 

The circuit shown in block diagram form in Figure 3 is shown in greater detail in Figure 5 and operates 
in further detail as follows. Resistor R7 a$ described above is a conventional current sense resistor, whose 
voltage is Gsed by the integrated circuit IC 1846 to defefmine' beginning of the off: time of power switch 
fterisistbr Q1, in the usual manner for a current mode regulator. Resistor R8 and capacitor CI are the Ramp 
Stope circuit 30 bf Figure 3 for the off time timing of switch transistor QlV where an internal comparator 
CGMP1 37 in the bscillato^comparator circuit OSC-COMP 50i of the IC 1846 detects when the ramp voltage 
V C i oh capacitor' 01 crosses threshold voltage ^(preferably about +3 volts) and turns transistor Q1 back 
on/ Gisciliator-doinnparator circuit 50 inclOdes ; oscillaior/36 and comparator 1 C0MP1- 37 of Figure 3. The 

"voltage-brV capacitor CI is pulled down (i.ej capacitor €1 is distharged) to approximately -+1:2 volts by an 
infernal discharge transistor 1 04 in l:C. 1846, -each time Voltage V C i ertteeds Vfassensed by comparator 
COMP1 37. Transistor Q2 acte to set the voltage on capacitor C1 to the desired ramp starting point as 
described above while transistor is on. to achieve the -designed dff time white transistor Q1 is off and 
voltage Vci'rarWps iip to V T . transistor Q2's base-emitter junction is back biased (as discussed below) 
during the offtime of transistor QI, so the timing ramp is purely under the control of resistor R8 and 



capacitor CI. The cbrriponents R1, R2. R3, R4, CR1. L2, Q2, and Go preferably are the elements of Ramp 
Starting Point circuit 31 as shown in Figure 3. r 

Transistor Q3 is turned on by a voltage applied to its base B on line 51 from resistor R6 when switch 
transistpr .Ql is, pn. When transistor Q1 is first turned off, the same absence' of a signal on pin 14 of I.e. 
5 1846 that turns off transistor Q1 also turns bff traiisistor CJ3 and therefore is a timing signal to initiate the off 
time period: thus, transistor Q3 ria? two functions. Transistor Q3 is pnii.e., its collector C is at about 1 volt) 
while the switch transistor 01 is on; First, through f resistor R3 and I diode CRT; transistor Q3 when on pulls 
down slightly the voltage on transistor Q2's base 'B, so. in the c^se df 10b% on-time, (i.e., a 100% duty 
. cycle) capacitor CT voltage \Vqi cannot exceed Vj during Ql on time and initiate a cycle in the IC 1846. 
to With transistor Q3 off. especially ^t startup (La, when 1 input' vojjage E is first applied to the regulator), 
voltage V C i.must be able to exceed V T to initiate the first ; cyble. jnductpr L1 voltage is zero at the startup 
. j: time also. ~ . , ^ ." r '\ ' , ^] \ "' ' ,''J~ ■"■ " '' 

Secondly, through resistor R2, transistor Q3 pulls current' at pih 9 '{&$ shown circled) from the 
.conventional, current mirror 52 which is part of the pscillator-comparator circuit 50 of IC 1846, and this 
75 current ,cjau$,ps capacitor 6 1 to charge up (i.e. t V C i increases!} spii'dly against the Clamping point of transistor 
Ql^Juring the interval that transi^tpr 03 is pn. "that is ^ to sayf whefn transistor '53 is on it pulls current from 
_ ^ the left hand lead (pin 9) of the current mirror 52 in resporise sends current out of its 

right hand lead (pin 8), and [ this current flows to capacitor Ci and char^isr capacitor Cl. This charging sets 
the starting point for the offtime timing ramp as discu^jsed above. ■ ' ^ ^ - >n 
20 Transistor Q3 thus turns the current mirror 5? on arid Off. The current mirror 52 jis described above is 
used to .charge capacitor , C1 up to thi^ point whWe^orivien^ th§ enrlitter follovvier circuit including 
transistor 02 clamps ^ on titnb; "at* Ql tuifHdff, the current mirror 52 is 

turned off by transistor 63 so the ciirrerit tnirror 52 is not providing" current diiring the off time period of 
transistor Ql/;; " ;\ \ S ;\^ UJ \. ''' V". ' / l \ . '!'" . fli ^ ' r ' 

25 ; IC 1846 is preferably' the commercially available current rriode PWl^ controller, part number 

UCt 846. This controller' is a typical ^ulsj^ device fof use in switching power 

supplies. In conventionalise id' 1846 is the chief building block, albhg with ir sdVeral ^xterhdl components 
' J and a conventional "buck^^regula^ switching pPWer siipply. ^The IC 1846 includes a 

ri number of functions includjhg several cpm^ log;c gates/'a current m^rof; Sri oscillator, and bipolar 

' 30 tran^ Iri^httoW. 'the iC 18^6 is not used in the 

' } co;hV^n\i^ but 'insf^a^ ujfe}^^ similar 

functions as provided by IC 1B46 coufcf be provided by otrieF rritegr&ed in other 
embodiments of the present invention. 

As described above, in both the prior art buck regulator and in the present invention, an inductor L1 
35 (see Figure 5) (br "choke" as it is sometimes referred to) smooths out and averages the voltage pulses. 
Thus when switch transistor Ql is on, the voltage that is equaf 'to the value of E-e 0 is applied across 
inductor L1 . In the preferred embodiment of the present invention, a second inductor L2 is also provided 
and vis connected - by imeans of resistor R5 between the base EJ of transistor Q2 and ground. Inductor L2 
; preferably is# secpnetary winding on inductor L1, and preferebly^ has only.pne turn. : 
40 Also shown in the schematic of Figures aret bias resistors 83, R4, and R5 which are respectively 680 
ohms, 820 ohms; +and tOOO ; ohrT)si;in the preferred. §mbodimerjt These resistors bias transistor Q2 as 
follows., Jnductor L2, as stated; raboye, is preferably, a s^con^any ,one turn winding on inductor LI which 
li v preferably has 55 Jurn$v A change in the purrent flowing through .LI, thus conventionally induces a voltage in 
v ! inductor L2.-The bia$ ; resistors iR3,;R4, R5, together] jvjth, the volts DC provided to resistor R4 from IC 
45 1846 at pin 2. when switch transistor Q1 ; 15 ; on.;or) off. a positive vqitage to the end of L2 which is 
connected to and- closest Jo- resistor R5. . ^ fi-:1 •/ 

^Thus inductor L2? while switch transistor Ql^is on» makes a positive voltage on the base B of transistor 
. c Q2 less. positive th^n it would be otherwise. Thus,* while switch' ^nsistpr Q1 is on, inductor L2 sets the 
, voltage V C1 that capacitor G1, can charge up.to while transistor ; Qj is on. That voltage, as described above, 
/ so is below voltage V T by a-ivalue prQpQrtjgnal: to the input ventage £ minus the output voltage e D . because 
; :t while transistor, Ql js^n, the inpt^yoltage E: minus the dutpyt voltage e Q appears across inductor L1. Thus 
- ^ a voltage .1/55 (the ratio:of thQ number, of turna -in L\ to. L 2 ) of yottage:(E-e 0 ) appears across inductor L2. 
•yu- ^ Wheni twitch transistor) Q1 turns >off.-the: end-pf ; inductpr vvtych is directly connected to resistor R5 
goes tOja posit^e^oltagQrand r.tfeet starts jhe off ^Hm e timing r^rnpitt)y back biasing the base-emitter junction 
55 of transistor Q2. Inductor, L2' thos^sets the, starting* point _vpltage of\ti)e timing ramp, and releases capacitor 

;;C1 torstart charging (i.e.. to go up .the off tirrve ^iming ramp) ^% shown 1 in. Figure 4A. 
V ;Res*stor: R1 (preferably 100Q ohms), as shown. in. Figure 5 ( 4s a pullup ^resjstqr for the collector of" 
; . . .vtransistor Q3 which ensures that the collecto^C of transistpiirQ3 goe^Jo^ yo^ts, which is sufficient voltage 
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. to turn off. the current mirror 52. Resistor B2 '(preferably 18K ohms) charges capacitor C1 until capacitor C1 
reaches the ramp starting point voltage during the on time of switch transistor Qi. 

Diode CR1 completely disconnects the current mirror 52 from resistor R3 when transistor Q3 is off and 
so allows the collector C of transistor Q3 [q go up to 5 ybltsV Diode ? CR2 f puts i. back bias on the base- 
,5. emitter junction of transistor 1 ' Q3 to ensure that the signal on the Hne 51 from resistor R6 fully turns off 

\ ; transistor Q3. ; . , , . -u ■ . , - . 

! : . A|so shown in Figure 5 is a +5 volt DC. power line 53 connected to resistor R4; power line 53 is 
' provided by IC 1846 at pin 2. IC 1846 also receives + 1_5 f volts DC on power line input pin 15 in IC 1846 so 
/ :tM as'to prbvide (by means of Zener diode CR5 and resistor R10. preferably 18b ohms); 11 volts DC input for 
70 |C 1846 fin pin 13. IC 1846 Includes a conventional totem pole driver 35 (discussed above) including 
V/' cpnyentjonally two bipolar transistors .Q5 and 'Q6 that alternately connects pin 14 (whtdh drives the gate G 
^ of switch transistor Q1) to ground and to pin 13 (the 11 volts' input terminal)^ totem pole driver 35 thus 

drives the gate G of switch transistor Q1 on and off. 

A(sq shown is logic circuit 54 conventionally connected between the first comparator COMP1 37 and 
js latch 34. so as to enable latch 34 which in turn cbhtrols totem pole driver 35. 

Sense resistor R7 (preferably 0.07 ohms) is conventionally connected by means of resistor R10 
(preferably 200 ohms) and capacitor C4 (preferably 5600 pF). which together are a conventional RC filter, to 
IC 1846 at pin 4, and the other end of resistor R7 is connected directly to pin 3 of IC 1846. Thus pins 3 and 
4 provide the sensed current to IC 1846. to indicate to IC 1846 when the current flowing through switch Q1 

r I'll-.-/. , ;:,v- : - . ;;' ' -'V ■«-:*' ."jV - ! '- ' '■ " ' , ■ : ^...:«: ■ : ' 

20 reaches^he programmed current level. , . 

. In the pr^red embbdim^eht, IC1846 js therefor^ Connected to the other circuit components as follows: 





: IC 1846 (Unitrode 1846) > 1 




Pin 


Pin Function 


Connected To 

f . • .. '■' ■ ' «. 




No! 

■. r. 






1 










■ ".•+ 5V power out > J 


Resistor. R4 ; ::>k r.i t := 


.:, B : 


3 


current sense input 


(Resistor^ w: : : ; 


4 

5 


current sense input 


(Capacifor C4:.; *■ o r.- 




* 6 








7 


.current programming 


external f < 


■ ■ . ■»{ , >. i;.. -b.-i 
35 


i r 8 


: current mirror source : 


collector of transistor Q3 ; r 


9 


: current mirror input 


■i resistor R2 




10 


defeat synch :<7': 


pin 11."- i- -v,.'j 




11 


feedback to pin 10, 


■pin 10 :r' *.;; f :.- 




"» 12 


ground <v '•. : 


^ground. • i =: • ; 


40 ' ' 5 


13 : 


v + 11V input ( ) vv - i 


, pin 15 by resistor R10 ; 




14 


drives switch Q1 


transistor Qi gate and R6 




15:C 


+ 15V power in^ - j f 


, :pin, 13 by resistor R10 



°45 Also shown in Figure 5 is convehti^nai snubber circuit 55 (shown in block form bnlv) for the purpose of 
suppressing transient current sutjges'at 'transistor* Qi furn-on\ ^nubber circuit 55 is conventionally connected 
betweeff switch transistor Q1 and catch diode CR3r . ' "**' ^ 

Pin 11 of |C 1846 is connected as shown to pin 10 of IC 1846 by rpearis of diode CR4 and resistor R11 
(preferably 1000 bbrns). The purpose of this connection is to feedback the output of pin 11 from driver 
so circuit 56 to synchronization input pin 10 wTiibh connects to the osciliatbr : comparator 50 in IC 1846. this pin 
10 to pin il connection thus defeats trre'convehtibnarpj^iration o( the )£ ^I9 t 4^ n> ^nd &>^"fprces IC 1846 to 
start a new cycle on pin 14 as soon as the previous cycle is c<Mn|5leteJ "ThiS. . j^rtilHs th£ regulator of the 
present invention tq perform (Le./keep ou cytfe $ bver 50%. \;' ^ : 

figure 6 shows' a defailed sbherhatic of th^ preWred embodiment bf present invention as used in a 
55 laser power supply. In addition to the circuit elements shown in Figure 5, the other features shown in the 
schematic of Figure 6 include the following. Conventional overtemperature shutdown circuitry 61 is 
connected to overcurrent shutdown pin 16 of IC 1846. Conventional window comparator 62 checks that the 
negative input to an operational amplifier in IC 1846 is at 5 volts. This comparator 62 provides a "power 



6 



0K M signal for the load current. Inputs to the regulator are provided at input lines 63. Open circuit voltage 
regulator 64 limits the voltage output by the regulator when there is no load. Snubber circuit 55 is discussed 
above and shown here in detail. Input and output fijters 64 are coriventional fow pass filters for the input and 
output voltages. Switch Q1 and resistor R7 of Figure 5 are shown in Figure as being switch circuit 66 
which includes several FETs connected in parallel, each with its associated resistors. 

One alternative embodiment the present invention uses a current (rathpr than voltage) ramp circuit as 
a timing means. A second alternative uses an inductance and resistance tb determine the ramp slope, 
instead of a capacitor and resistance. A third alternative uses a ramp (either current or voltage) with a fixed 
starting point and a programmed end-point. A fourth alternative embodiment uses a circuit in accordance 
with the present invention to regulate a boost power supply instead of a buck power supply.' In this fourth 
embodiment, the 'off, time is proportional to the input vqltage^, divided ' by the output voltage. A fifth 
;; embodiment uses a circuit in accordance with the present invention to regulate a buck-boost power supply. 
In this case, the off time is prbportiqnal to the input voltag^divicte^ of the input and output 

voltages. ' ' ..... ' ."J. ' ■ " "\~. '[ 

15 The. above described embodiments of the invention '"'.are, ^descriptive"" and '^rtbt limiting, and other 
embodiments will be obvious to one of ordinary skill in the art in jigfii of the teachings of the invention. 
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Claims 
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1. A power supply regulator having an input voitage'and ah output voltage, ^comprising 

switch means for switching the input voltage between an on time and an off time; and characterized by 
means for varying the off time of the swifch means as a function of the input and "the output voltages. 

2. The regulator of Claim 1, further characterized in that the duration of the off time of the switch means 
25 is proportional to the difference between the input voltage and the output voltage divided by the input 

voltage. " " ~" ;;■ -y " . \ t ~'~\ 

3. The regulator of Claim i, further chjaracterized by the means for varying including: 

means for determining the starting point Qf atirniog ramp for the„pjf time 6f the switch means; and 
means for determining the slope of the oft time timing ramp of the switch means; 
30 and characterized in that the duration, of the off time of the switch; mfeans 1 is a function of the starting point 
and slope of the off time timing .ramp- ; j y.qtn ^i.ts?. i r c 1 | • ] 

4. The regulator of Claim 3, further jcharacterized by the mfeans for determining the slope including 
capacitor means for charging to a voltage: 

5. The regulator of Claim 3, furtherj characterized by the means for determining the starting point 
35 including secondary inductor means for carrying an induced voltage. ! 

6. The regulator of Claim 5, further characterized in that the secondary inductor means is a secondary 
winding on a main inductor means for smoothing the output voltage, i? 

7. The regulator of Claim 6, further characterized, by the means for determining the starting point 
including bias means for biasing an output of the inductor means?, ; 

40 8. The regulator of Claim 4,i further jcharacterized by current control means connected between the 

means for varying ahd the switch means, ifor driving the : switch m§an§ between the on time and the off time 

in response to the means^for varying: r ( ; 0^> ,; e.- ^v i ■ ' ! 

9. The regulator of Claim 8 furtherjcharacterized in^thatlhe rriearis for varying turns the switch means 

off when the current control means detects a predetermined Current through the switch means. 
45 10. The regulator of Claim 9, further characterized in that the means for determining the starting point 

sets . the starting point of the tirpjng r^mp of the off time at a voltage differing from the threshold voltage by 

a value proportional to trie inpu ! 

11. The regulator of Claim 5, further characterized' in jnat th*e~ means for tletejrnihing the slope includes 

capacitor means for charging to a . voltage; and ' K 1 

so further characterized in ttiat the secondary inductor, means sets ^the^ voltage "to^wli'ich, the capacitor means 
: - .. charges while the .switch means is in tftepn time s'tate. 1 ; r . , v !^ ■ 

. 12. method ^ fb^regulating a power supply output voltage arid switch means, 

. ch^racteriz^rj by fhe^ern.of: "..' v ^ V . ^ ' ^ p ^, !' ' 

switching the switch means time ahtf a/i off time; apd ' 
55 varying the. off tirne p| the switch means as a function of |he JnRut and output voltages of the power supply. 
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© Current mode switching regulator with programmed offtime. 



© A current mode {Switching regulator power sup- " 
ply with an improved regulator system achieves a 
constant operating period by predetermining the off 
time of the switching transistor. The * off time is 



programmed by thejnpUt knd output voltages acting 
on a resistor-capacitor I timing circuit enabled by a 
current mode controller.! ' 
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